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f Abstract 


SHALLOU JUNCTION SILICON SOLAR CEUS 


R. Wichner 

Lawrence Livermore Laboratory 
Livermore* California 


The objective of this program Is to develop techniques to produce low 
cost, high efficiency solar cells, with emphasis on those processes 
idilch are applicable to the automated production of both single crystal 
and defect-laden ribbon or thin film polycrystal line solar cell material. 
Shallow junction devices are under primary consideration with several 
types of silicon solar cells having beerr fabricated, namely, a) epitaxially- 
grown shallow junction cells, b) Schottky-barrier cells, c) Indlum-TIn- 
Oxlde on silicon cells and d) cells produced by a^unlque process utilizing 
a corona discharge. Our results with this latter process are described 
below. 

Initial results In producing single crystal silicon solar cells were 
reported at the Eleventh Photovoltalcs Specialist Conference, May, 1975, 

In Phoenix, Arizona. Cells with efficiencies of over d% with fill 
factors of up to 0.76 were reported. These shallow junction cells had 
enhanced short wavelength response as compared to commercial, deeper 
junction cells. 

Recent work has Included the fabrication of polycrystal line silicon 
cells with AMI efficiencies of over 3% without an anti reflection coating. 
These cells were 5 mm x 5 mm x 20 microns of -5 0cm silicon grown epitaxially 
on a 0.01 ncm 10 mil thick substrate. Open circuit voltages as high as 
0.45 V were obtained. 

Preliminary analysis of cells produced by the corona discharge technique 
Indicates a profile of implanted ions which results in a low sheet 
resistance for the shallow p-layer. Additionally, the presence of 
heavily-defected regions within a given cell does not seem to grossly 
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affect overall perfermana of the device. 

fyture activities ere geared to optimizing the various process paraiKters 
by both experimental and theofittlcal means. In order to Increase the ^ 
efficiency ef cells produced by :h1s new technique. 

be have therefore, shown the technical feasibility of tbe corona discharge 
technique as a mems for producing efficient silicon solar cells and 
expect that with continued effort, further Improvements can be made. 
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OVERALL ?m?m OBJECTIVE 


DEVELOP TECri;iI3UES TO PRODUCE LOW COST. HIGH EFFICIENCY 
SOLAR CELLS. WITH Ei’lPfiaSIS 0.1 LOW lEnPER^JURE PROCESSES 
VftllCH RESULT IN SHALLOW JUNCTION DEVICES. 


QBlfflNALPAOB& 
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THE CORONA DISCHARGE PROCESS FOR 
PRODUCING SKALLOW JUNCTION Si SOLAR CELLS 


TECHNIQUE: 

A Corona Discharge (up to 9 kV) of BFt produces 
Boron Ions which are implanted into the Silicon 
Cathode to form a shallow p'*’ - n junction. 


ATTRIBOES; 

Low Processing Tbt=€ratures (<5X)*0 - Suitable for Ribbon 
AND Thin Film Polycrystalline Si 

Simple Equiptcnt and Processing Steps 

Cells with High Fill Factors 


Improved Short I^velet^gth Respot^se 





A CORONA-mDE DISCHARGE HAS A 
UNIQUE FEATURE WHICH CAR 3E USED TO ADVANTAGE: 

• Potentials of Several Kilovolts can be Sustained 

• Multi PLY- Ion I zed Gaseous Species are Generated 

£•6,^ BFj ^ BFj^ ^ B^ .... B^^ 

• The Energy of B"*"^ Falling Through a Potential 
Drop of 5 kY is equal to 25 keV. 


ORTfilWAL PAGE IS 
0B POOR QUALITY 
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FIGURE 2 
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FIGURE 3 
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SUIWRY OF KEY RESULTS 


COtlCEPT OF SOLAR CELL FABRICATIOH BY COROflA DISCHARGE 
TECH.TIQUE HAS BEEII PROVE:! 

• Single Crystal Cells with Efficiency (Afil) 
h/o A-R Coating 

• Polycrystalline Silicon Cells hith,>53 efficiency 
(Afil) w/o A-R Coating 

SHALLOW- JUXTIO.! CELLS ARE HOT GROSSLY AFFECTED BY HIGHLY 
DEFECTED REGIO.TS 




PIA'KO ACTIVITY FOR 1€XT 6 fOTHS 

• ESTABLISH FABRICATION TECHNOLOGY 

• GEHERATE THEORETICAL MODEL OF IMPLANTED DOPANT 
DISTRIBUTION 

• DETERMINE EFFECT OF GASEOUS ADDITIVES ON ION 
POPULATION IN CORONA DISCHARGE 

• GEHERATE THEORETICAL FODEL FOR SHALLOW JUMCTION CEUS 

• SCALE UP CELL DIIOSIOM 

• FABRICATE CEUS WITH INCREASED EFFICIENCY 
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